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(54) STEEL SHEET FOR DOUBLE WOUND PIPE AND METHOD OF PRODUCING THE PIPE 



(57) A steel sheet for double-rolled tubes has excel- 
lent formability, and excellent strength and toughness 
after forming and heat treatment of a tube because of 
suppressed coarsening of the fenite grain size and a 
method for making the same comprises: hot finish-roll- 
ing of a steel material containing C: 0.0005 - 0.020 wt%. 
and one or two of Nb: 0.003 - 0.040 wt%, and Ti: 0.005 
- 0.060 wt% at a final temperature of 1 ,000 - 850 *^C, 
coiling at 750 "C or less. cokJ rolling, continuous anneal- 
ing at 650 ^'C - 850 °C for 20 seconds or less, and sec- 
ond cold-rolling at a rolling reduction rate of 20% or less, 
so that at least one of Nb and Ti is present in a solid 
solution state in an amount of 0.005 wt% or more, and 
the crystal grain size in the ferrite structure is in the 
rangeof 5to 10 ^m. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a steel sheet suitable for a double-rolled tube and a method for making the same, 

in which the surface of the steel sheet is plated with copper or a self-brazing metal, shaped into a pipe, and heated to 
a temperature higher than the melting point of the plating metal lor a short duration to form the double-rolled tube. 

BACKGROUND ART 

10 

Double-rolled tubes, having excellent appearances similar to those of copper tubes and excellent thermal charac- 
teristics, as well as high strength and toughness due to steel, have been used in the fields of connection tubes for var- 
ious compressors and brake tubes of vehicles. 

Double-rolled tubes are described in detail in, for example, TETSU-TO-HAGANE", No. 1 , p. 130 (1 980). A typical 
15 method for making a double-rdled tube will now be described in brief. Using a coid-rolled steel sheet having a thickness 
of approximately 0.30 mm, both faces of the steel sheet are electroplated with copper. Next, the steel sheet is furled 
such that the rolling direction of the steel sheet is parallel to the central axis of the tube. The steel sheet is furled double 
so that the thickness of the tube is double that of the steel sheet. The tube is heated to a higher temperature than the 
melting point of copper for "self-brazing" which represents bonding of the steel sheet walls by means of filling the gap 
20 between the vvalls with moiten copperr A doublerrolled::tube is preparedxi 
ing are performed to obtain a final product. 

As described above, double-rolled tubes generally require reliability such as air-tightness in view of their usage. 
Since steel sheets used for double-rolled tubes are ultra-thin cold-rolled steel sheet having a thickness of 0.35 mm 
or less and require significantly excellent formabillty, box-annealed low-carbon steel sheets generally have been used. 
25 Since the box-annealed sheets are relatively soft materials and have excellent formabitity. these can be satisfacto- 
rily used as raw materials for double-rolled tubes. The sheet, however, requires several days for production, and thus 
has an inferior production efficiency. Another disadvantage is non-uniformity of the mechanical properties In the longi- 
tudinal and transverse directions of the coil. In addition, in order to reduce abrasion of the die for forming the tube and 
In order to improve shape fixability in the tubing process (furling process), softer materials having excellent formability, 
30 while maintaining high strength, are demanded. 

Ultra-low-carbon steel sheets having a signif k;antly decreased carbon content (0.020% or less) have been noted in 
the field of general cold-rolled steel sheets. The ultra-low-cartx)n steel sheets are suitable for a continuous annealing 
process having a high production efficiency and creating excellent uniformity of the mechanical properties. Further, the 
steel sheets are soft and have excellent formability The use of a continuously-annealed soft ultra-low-carbon steel 
35 sheet is in prospect for solving the above-mentioned problems. 

In the production process of the double-rolled tube, however, a cold working of approximately 7% to 8% strain is 
applied to the steel sheet after tubing by drawing. Further, the tube is subjected to heat treatment for self-brazing at a 
higher temperature than the melting point (1,083 **C) of copper, although for a short duration. Thus, coarsening of the 
micro-structure in the steel during the forming and annealing is anticipated. When a double-rolled tube is formed of an 
40 ultra-low-carbon steel sheet, presence of coarse grains severely affecting the strength and toughness of the double- 
rolled tube are often observed. 

It is an object of the present invention to solve the above-mentioned problems Involved in conventional technolo- 
gies, and thus to provide a cold-rolled steel sheet suitable for producing double-rolled tubes having self-brazing char- 
acteristics, as well as significantly improved mechanical properties compared to conventional materials, and high 
45 production efficiency and uniformity of mechanical properties, and a method for making the same. 

It is a particular object of the present invention to provide a cold-rolled steel sheet suitable for producing double- 
rolled tubes having the following characteristics, and a method for making the same: 

1 ) Deterioration of its characteristics, particularly strength and toughness due to coarse grains does not occur dur- 
50 ing the heat treatment for self -brazing; 

2) The steel sheet has a low deformation resistance in the tube production process to minimize abrasion of a die 
and thus to prolong its life: 

3) The steel sheet is soft during the production of the tube and has excellent shape fixability; 

4) The final tube has sufficiently high strength, ductility, and toughness; and 

55 5) The steel sheet is an ultra thin sheet with a thickness of 0.35 mm, has excellent uniformity of mechanical prop- 
erties in the longitudinal and transverse directions of the steel sheet (steel strip), and has no variation in the shape. 

The present inventors have discovered that containing a given amount or more of nonpredpitated Nb or Ti is effec- 
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five for preventing the growth of grains contrary to conventional knowledge that control of the precipitates is effective, 
as a result of intensive experimentation and study for solving the above-mentioned problems. 

Further, by controlling the annealing condition within an adequate range, as well as limiting steel components, and 
hot-rolling conditions, such as the final temperature at finish-rolling and the coiling temperature, the present Inventors 
5 have discovered that the given amount or more of nonprecipitated Nb or Ti is secured in a nonprecipitated state, that 
is, a solid solution state, that the crystal grain size is controllable within an optimum range, and that mechanical prop- 
erties are stabilized after heat treatment in the tube production process, and the present inventors have completed the 
present invention. 

10 DISCLOSURE OF INVENTION 

1) The present invention relates to a steel sheet for double-rolled tubes having excellent formability. and excellent 
strength and toughness after forming and heat treatment of a tube comprising: 

15 C: 0.0005 - 0.020 wt%; and further comprising one or two of 

Nb: 0.003 - 0.040 wt%. and 
Ti: 0.005- 0.060 wt%; 

at least one of Nb and Ti being present in a solid solution state in an amount of 0.005 wt% or more, the grain size 
20 in the ferrite structure being in the range of 5 to 10 ^im (Claim 1). 

2) Further, the present invention relates to a steel sheet for double-rolled tubes having excellent formability, and 
excellent strength and toughness after forming and heat treatment of a tube comprising: 



C: 0.0005 - 0.020 wt%. 
25 S: 0.02 wt% or less, and 

N: 0.0050 wt% or less: and further comprising one or two of 
Nb: 0.003 - 0.040 wt%, and 
Ti: 0.005 - 0.060 wt%; 

30 each of the excessive Nb and Ti contents, calculated based on the assumption that TiN, TiS. TiC and NbC are 
formed as much as possible in that order, being less than 0.005 wt%. at least one of Nb and Ti being present in a 
solid solution state in an amount of 0.005 wt% or more, the crystal grain size in the ferrite structure being in the 
range of 5 to 10 fim (Claim 2). 

3) Also, the present invention relates to a steel sheet for double-rolled tubes, described above in 1) or 2). compris- 
es ing: 

C: 0.0005 - 0.020 wt%. 
Si:0.10 wt%or less, 
Mn:0.1 -1.5wt%. 
40 P: 0.02 wt% or less. 

S: 0.02 wt% or less, 

Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less: and further comprising one or two of 



45 Nb: 0.003 - 0.040 wt%. and 

Ti: 0.005 - 0.060 wt%; and 

the balance being Fe and incidental impurities (Claim 3). 

4) Further, the present invention relates to a steel sheet for double-rolled tubes, described above in 1) or 2), com- 
50 prising: 



C: 0-0005 - 0.020 wt%. 
Si: 0.10 wt%or less, 
Mn:0.1 - 1.5 wt%. 
55 P: 0.02 wt% or less. 

S: 0.02 wt% or less. 

Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 
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Nb: 0.003 - 0.040 wt%. and 

Ti: 0.005 - 0.060 wt%; and 

at least one selected from the group consisting of 

5 B: 0.0005 - 0.0020 wt%. 

Cu: 0.5 wt% or less, 

Ni: 0.5 wt% or less, 

Cr: 0.5 wt% or less, and 

Mo: 0.5 wt% or less; and 
10 the balance being Fe and incidental impurities (Claim 4). 

5) Also, the present invention relates to a method for making a steel sheet for double-rolled tubes having excellent 
fbrmability, and excellent strength and toughness after forming and annealing a tube comprising: 

15 hot finish rolling of a steel material containing 

C: 0.0005 - 0.020 wt%, and further containing one or two of 

Nb: 0.003 - 0.040 wt%, and 

20 T1:-0.005--0:060 wt% at a final temperature of 1 .000 - 850 *'GrCoiling at-750 **G^or less r cold rolling; 

continuous annealing at 650 - 850 *»C for 20 seconds or less; and second cold-rolling at a rolling reduc- 
tion rate of 20% or less (Claim 5). 

6) Further, the present invention relates to a method for making a steel sheet for double-rolled tubes, having excel- 
25 lent fbrmability, and excellent strength and toughness after forming and annealing a tube, comprising: 

hot finish-rolling of a steel material at a final temperature of 1 .000 - 850 the steel material comprising 

C: 0.0005 - 0.020 wt%. 
30 S: 0.02 wt% or less, and 

N: 0.0050 wt% or less, and further comprising one or two of 

Nb: 0.003 - 0.040 wt%. and 
Ti: 0.005 - 0.060 wt%. 

35 

each of the excessive Nb and Ti contents, calculated based on the assumption that TiN, TiS. TiC and NbC are 
formed as much as possible in that order, being less than 0.005 wt%; coiling at 750 ""C or less; cold-rolling; contin- 
uous annealing at 650 ""C - 850 ^'C for 20 seconds or less: and second cokj-rolling at a roiling reduction rate of 20% 
or less {Claim 6). 

40 7) Further, the present invention relates to a method for making a steel sheet for double-rolled tubes, desaibed in 
the above 5) or 6), the steel sheet comprising: 

C: 0.0005 - 0.020 wt%, 
Si: 0.10 wt% or less, 
45 Mn: 0.1 - 1.5 wt%, 

P: 0.02 wt% or less, 
S: 0.02 wt% or less. 
Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 

50 

Nb: 0.003 - 0.040 wt%. and 
Ti: 0.005 - 0.060 wt%; and 

the balance being Fe and incidental impurities (Claim 7). 

55 8) Also, the present invention relates to a method for making a steel sheet for double-rolled tubes, described in the 
above 5) or 6), the steel sheet comprising: 

C: 0.0005-0.020 wt%. 
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Si:0.10 wt%or less. 
Mn:0.1 - 1.5wt%. 
P: 0.02 wt% or less, 
S: 0.02 wt% or less, 
5 Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 

Nb: 0.003 - 0.040 wt%. and 
Ti: 0.005- 0.060 wt%: and 
10 at least one selected from the group consisting of 

B: 0.0005 - 0.0020 wt%, 
Cu:0.5 wt%or less. 
Nl: 0.5 wt% or less. 
75 Cr: 0.5 wt% or less, and 

Mo: 0.5 wt% or less; and 

the balance being Fe and incidental impurities (Claim 8). 
BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is a graph illustrating the correlation between the Nb or Ti content in a solid solution state and the ferrite grain 
size. 

BEST MODE FOR CARRYING OUT THE INVENTION 

25 

The preferred embodiment of the present invention will now be described. 
(1) Components in the Steel 
30 C: 0.0005 - 0.020 wt% 

An extremely reduced carbon content contributes to improved formability (decreased deformation stress and 
improved shape f ixability) in the tube production process. At a carbon content of less than 0.0005 wt%. however, coars- 
ening of grains is prominent, hence desirable strength and toughness are not achieved. Further, the possibility of the 

35 formation of rough surfaces like the so-called "orange peel phenomenon" will increases. On the other hand, a carbon 
content of more than 0.02 wt% causes a significant deterioration of ductility and shape f ixability of the steel sheet, and 
thus deterioration of workability accompanied by thinning of the steel sheet is further prominent. Also, an excessive car- 
bon content leads to decreases in the cold-rolling performance. Thus, the carbon content is set to a range of 0.0005 to 
0.020 wt%. It is preferable that the range be 0.0010 to 0.015 wt% when requiring greater stability of the mechanical 

40 properties and excellent ductility. 

Si:0.10wt%or less 

Addition of a large amount of Si causes decreased surface treatment characteristics and corrosion resistance, sig- 
45 nificantly increases the strength of the steel as a solid solution strengthening, and thus increases the deformation resist- 
ance during the forming process. Thus, the upper limit is set to 0.10 wt%. It is preferable that the content be limited to 
0.02 wt% or less when requiring particularly excellent corrosion resistance. 

Mn: 0.1 - 1.5 wt% 

so 

Manganese is an element effectively preventing hot cracking caused by sulphur. In particular, it is preferable that 
manganese be added to non-titanium steel in response to the sulphur content. Since manganese contributes to making 
grains finer and particularly to the suppression of coarsening of grains when the steel is maintained at a high tempera- 
ture, the addition of manganese is preferred. 
55 At least 0.1 wt% of manganese must be added in order to achieve these advantages. Since an excessive addition, 
however, leads to deterioration of corrosion resistance and cold rolling characteristics because of hardening of the steel 
sheet, the upper limit is set to 1.5 wt%. It is preferable that manganese be added within a range of 0.60 v»rt% or less 
when requiring more excellent corrosion resistance and formability. 
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P: 0.02 wt% or less 

Phosphorus hardens the steel and causes deterioration of flange workability and shape f txability. Further, it is a 
harmful element which causes deterioration of corrosion resistance, hence the upper limit is set to 0.02 wt%. It is pref- 
5 erable that it be added in an amount of 0.01 wt% or less when these characteristics are particularly important. 

S: 0.02 wt% or less 

Since sulphur is present as inclusions in the steel, and is an element which causes the ductility of the steel to 
10 decrease and causes the deterioration of corrosion resistance, the upper limit of the sulphur content is set to 0.02 wt%. 
It is preferable that it be added in amount of 0.01 wt% or less when particularly excellent workability is demanded. 

Al: 0.100 wt% or less 

75 Aluminum is an element which is effective for deoxidation in steel. Since an excessive content, however, causes 
deterioration of surface characteristics, the upper limit of the aluminum content is set to 0.100 wt%. It is preferable that 
aluminum be added in an amount in the range of 0.008 to 0.060 wt% in view of stability of the mechanical properties. 

N: 0.0050 wt% or less. 

20 - ^ :- . . . 

Nitrogen promotes occurrences of internal defects in the steel sheet as well as slab cracking in a continuous cast- 
ing process as the content increases. Since nitrogen causes excessive hardening of the steel, tiie upper limit is set to 
0.0050 wt%. It is preferable that the nitrogen content be 0.0030 wt% or less in view of stability of the mechanical prop- 
erties and improvement in yield on account of the entire production process. 

25 

Nb: 0.003 - 0.040 wt% 

Niobium is an element which is effective for making the micro-structure of the steel sheet finer, and such an effect 
is held after heat treatment after tube production. Such a finer micro-structure in the steel sheet causes significant 
30 improvement in secondary formability in the use as a tube, such as bending and stretching of the tube, and improve- 
ment in impact resistance. Such advantages due to niobium are noticeable in a content of 0.003 wt% or more; however, 
the addition of more tiian 0.040 wt% will cause hardening of the steel and stab cracking, as well as deteriorated ductility 
during hot-rolling and cold-rolling. The niobium content is therefore set to a range of 0.003 to 0.40 wt%. It is more pref- 
erable if the content be 0.020 wt% or less in view of mechanical properties. 

35 

Ti: 0.005 - 0.060 wt% 

Titanium is also effective for making the micro-structure finer as with niobium. Although it is added in an amount of 
0.005 wt% or more to achieve such an effect, the addition of more than 0.060 wt% causes an increase in the occurrence 
40 of surface defects. The titanium content is therefore set to a range of 0.005 to 0.060 wt%. It is more preferable that the 
content be 0.015 wt% or less in view of mechanical properties. Niobium and titanium may be added solely or in combi- 
nation, since effects due to Individual elements are not canceled by each other. 

Nb and Ti in Solid Solution State 

45 

Niobium and titanium in solid solution state are a significantiy important feature in the present invention. Although 
the detailed mechanism has not been clarified, coarsening of the micro-structure after forming-heat-treatment of the 
double-rolled tube can be remarkably suppressed, as shown in Fig. 1 . when at least one of niobium and titanium in solid 
solution state is present in an amount of 0.005 wt% or more. The steel materials used in the experiment in Fig. 1 have 

so the following compositions; 0.0025C - 0.02Si - O.SMn - 0.01 P - 0.01 OS - 0.040AI - 0.0020N - varied Nb or Ti, wherein 
the two levels of Nb contents, that is, 0.018% and 0.015%, and two levels of Ti contents, that is, 0.040 and 0.060% are 
employed. Conditions for hot-rolling and heat-treatment are as follows: the final temperature of hot-rolling is in the range 
of 950 - 870 ^'C, the coiling temperature is in the range of 720 - 540 **C. heat-treatment is performed at 750 °C for 20 
sec, and second cold-rolling of 2% is performed after the heat-treatment. As a result, the dissolved niobium content can 

55 be varied within the range of 0 to 0.01 5%. 

Among niobium and titanium, at least one element must be present, because the above-mentioned advantage is 
not achieved even if these two elements are present in a total amount of 0.005 wt% or more. If each of these elements 
is present in a amount of 0.005 wt% or more, individual effects due to these elements are not canceled by each other. 
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Accordingly, it is Important that at least one of niobium and titanium is present in an amount of 0.005 wt% or more in a 
solid solution state. 

The Nb or Tl content in a solid solution state is defined as the subtraction of the precipitated Nb or Tl content, which 
is determined by electrolytic analysis, from the total Nb or Ti content in the steel. The electrolytic analysis is defined as 
5 an analytical method by means of constant potential electrolysis in a non-aqueous electrolyte, wherein a sample Is elec- 
trolyzed in a 10% acetylacetone - 1% tetramethylammonium chloride electrolyte, the residue is collected on a 0.2-fim 
nuclear pore filter, and the relevant elements are determined by an absorptiometric method. 

Excessive Ti and Nb 

■10 

As described above, although titanium and niobium are essential elements in the present invention, the addition of 
an excessive amount of each element causes the following disadvantages. 

In general cold-rolled steel sheets, titanium and niobium are considered as elements which are desirable for 
improving Ibrmabillty, such as softening, and for improving the r value and ductility. In ultra-thIn steel sheets in the 
75 present invention, however, an extremely high cold-rolling reduction rate is required in the production step (at least 70% 
and generally 80% or more in the current highest technology for thin hot-rolling), hence a large load occurs during cold 
rolling. The addition of an excessive amount of Nb or Ti therefore causes the deformation resistance to Increase signif- 
icantly during rolling and causes deterioration of surface characteristics. Changes In mechanical properties, such as 
strength, an rvalue, and ductility, between the working directions, that is, anisotropy are also increased. The addition of 
20 an excessive amount of Tl or Nb must be avoided to preverrt the occurrence of the above-mentioned disadvantages. 
Further, it is preferable that the Tl and Nb contents be minimized within necessity In view of the material costs. 

Based on the grounds described above, the present inventors studied the upper limits of the Ti and Nb contents by 
the precipitation process, and discovered the following upper limits of the contents. Each of the excessive Nb and Tl 
contents, which are calculated using the contents in the steel based on the assumption that TIN. TiS, TiC and NbC are 
25 formed as much as possible in that order, must be less than 0.005 wt%. 

Specifically, the excessive Ti content (hereinafter referred to as Tiex) means the residual Ti content by weight per- 
cent after the formation of TiN, TiS and TiC, and is stoichiomelrlcally calculated by the following equation: 

Ti^ = TI-(48/14) • N- (48/32) • S- (48/12) • C 

30 

The ©ccessive Nb content (hereinafter refened to as Nbex) Is calculated as follows: 

1) When titanium is not added, Nbex calculated by the fol towing equation In consideration of only NbC. because 
TiN, TiS or TiC Is not formed: 

35 

Nbex = Nb- (93/12) * ^ 

2) When titanium Is added and when Tiex ^ 0, Nbex calculated by the following equation, because residual carbon 
forming NbC is not present: 

40 

Nbex = Nb 

3) When titanium is added and when Ti^x ^ 0, first, the Ti content as the formed TiN and TiS (hereinafter referred 
to as TINS) is calculated by the following equation: 

45 

Ti MS = Ti - (48/14) • N - (48/32) • S. 

and then Nbex >s calculated by either of the following equations in response to the Ti^s content: 

so 3a) when Ti|^3 ^ 0, 

Nb ex = Nb - (93/1 2) • C (the same as the above-mentioned 1 )). because all the cart)on is used for the 
formation of NbC. or 
3b) when Ti^s > 0. 

Nbex = Nb - (93/12) • (C - (12/48) • Ti ^q) . because after TiC is formed in response to the TIns. the 
55 residual carbon is used for the formation of NbC. 

By providing such upper limits of the Ti and Nb contents. It is difficult to maintain the contents of solid solutions. The 
present invention is. however, characterized in that desirable contents of dissolved Ti and Nb are achieved, the prob- 
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lems In the steel sheet production are solved, and compatibility between the mechanical properties and a given strength 
and a given toughness after forming a double-rolled tube is achieved. 

The steel sheet may contain at least one component selected from a group or groups consisting of B: 0.0005 - 
0.0020 wt% (group A). Cu: 0.5 vyft% or less. Ni: 0.5 wt% or less. Cr: 0.5 wt% or less, and Mo: 0.5 wt% or less (group B, 
5 hereinafter the same). 

B: 0.0005 - 0.0020 wt% 

B is an element which is effective for maintaining strength because of a finer structure after making the tube. Such 
10 an advantage is recognized by the addition of 0.0005 wt% or more, whereas the addition of more than 0.0020 wt% 
causes undesirable increase in planar anisotropy of the steel sheet. Accordingly, the B content is added within the range 
of 0.0005 to 0.0020 wt%. and preferably 0.0005 to 0.0010 wt%. 

Cu: 0.5 wt% or less. Ni: 0.5 wt% or less, Cr: 0.5 wt% or less and Mo: 0.5 wt% or less 

15 

These elements, which enhance the strength of the steel sheet, and particularly, the strength after heat treatment 
in the brazing of the tube, are added, if necessary. When each of these elements is, however, added in an amount of 
more than 0.5 wt%, cold-rolling characteristics deteriorate, hence they are added within 0.5 wt% or less. 

The group A element including B, and the group B elements including Cu, Ni, Cr and Mo, both being optional com- 
20 - ponentsrrnay be added solely or in:0onrtoination.--which:con^ 
ent groups. 

(2) Regarding Crystal Structure etc.: 

25 The grain size of the ferrite is set to 5 to 10 |yim. The steel containing the crystals having a size of less than 5 \xm is 
hardened, hence unsatisfactory phenomena, such as a poor shape after tubing and severe abrasion oi tools, signifi- 
cantly occur. On the other hand, when the grain size is more than 10 jim. a uniformly fine tecture is barely maintained 
after forming-annealing, hence the strength and toughness of the product in use decrease. Accordingly, the crystal 
grain size in the steel sheet is controlled to within 5 to 10 jim. 

30 ft is desirable that the hardness (temper grade) be T1 - T3. A temper grade of more than T3 evidently causes dete- 
rioration of lormability and causes significant decrease in the life of the tools. It is desirable that the strength of the raw 
material be as low as possible if the strength after forming and heat treatment of the tube is sufficiently high. 

Toughness, as well as the strength, after forming and heat treatment of the tube of the steel sheet for double-rolled 
tubes is also an important factor. The toughness is evaluated by tensile testing or high-speed tensile testing of a pipe 

35 with a notch. 

(3) Manufacturing Conditions etc.: 
Hot Rnish-Rolling: 

40 

Since uniformity of the micro structure after annealing decreases when the final rolling temperature in the hot finish- 
rolling is lower than 850 *»C and such nonuniformity Is succeeded after annealing after cold rolling, a remarkable fluctu- 
ation of the mechanical properties is recognized, resulting in decreased reliability of mechanical properties. On the 
other hand, surface flaws due to scales prominently occur at a temperature of higher than 1,000 ''C. Accordingly, it is 
45 desirable that the final rolling temperature of the hot finish-rolling be within the range of 1 .000 - 850 •C. It is preferable 
that the final temperature be within the range of 950 - 850 **C in view of hot-rolling characteristics. 

To decrease the opportunity of precipitation of Ti or Nb after hot finish-rolling, it is preferable that the steel sheet be 
quenched at a quenching rate of 30 °C/sec. or more within a second after the finish rolling. 

In finish-rolling the sheet bar after hot rough-rolling, adaption of continuous rolling (endless rolling) including joining 
so the sheet bars at the inlet side of a finish-rolling mill is preferable, because travelling of the front and rear ends of the 
steel sheet is stabilized and thus rapid cooling of the steel sheet immediately after finish-rolling can be achieved over 
the entire length. 

Coiling after Hot-Rolling: 

55 

It is difficult to maintain Nb and Ti in solid solution state in the steel if the coiling temperature after hot rolling is 
higher than 750 ^'C. As a result, suppression of coarsening of crystal grains due to dissolved Nb and Ti cannot be suf- 
ficiently achieved. In this case, it is difficult to achieve uniform mechanical properties in the longitudinal direction. 
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Accordingly, the colling temperature after hot-rolling is set to 750 or less, and preferably. 650 or less. 

Conditions of the following picWing and cold-rolling are not fixed and are determined according to a general method 
for making an ultra-thin steel sheet. 

5 Annealing after Cold-Rolling: 

If the annealing temperature is lower than 650 **C. most of the structure is occupied by a non-recrystallized struc- 
ture, and thus the steel sheet is not softened. A target, that the load is reduced in the tube production process, is there- 
fore not achieved. Although annealing at 650 *C or more does not form a perfect recrystallized structure, softening 

10 which is sufficient to the usage in the present invention is achieved. At an annealing temperature at 750 "^C or more, 
most of the structure is occupied by a recrystallized structure, and extremely superior workability is achieved. When It 
is annealed at a temperature higher than 850 ^C as in general ultra-low carbon cold-rolled steel sheets for working, the 
micro structure In the steel Is coarsened and becomes non-uniform, the precipitation of Tl and Nb Is promoted during 
the annealing, and thus a uniform and fine texture is not formed after tubing-heat-treatment. 

75 Accordingly, the annealing temperature is within the range of. preferably, 650 ■ 850 ''C. and particularly, 700 - 800 

*C in view of stability of the mechanical properties. It is more preferable that the temperature be 750 °C or less In eco- 
nomical view, in addition to stability of the mechanical properties. 

The soaking time during annealing is also an important factor. Conventional annealing is generally performed for at 
least 30 seconds In order to form a stable recrystallization texture. Such annealing, however, does not form dissolved 

20 Tl or Nb, which Is essential for the present invention, because of the precipitation of Ti and Nb during the annealing. The 
dissolved Ti or Nb can be formed by controlling the annealing temperature to 850 or less and the soaking time to 20 
seconds or less, as described above. It has been considered that the annealing of an ultrarlow carbon steel sheet for 
such a short time has an unsatisfactory r value and ductility for the use with deep drawing; however, such annealing for 
a short time can be applied to the present invention without any problems. 

25 

Second Cold-Rolling after Annealing 

Second cold-rolling performed after annealing controls surface roughness and decreases the thickness of the 
sheet. It Is preferable that the reduction rate of the second cold-rolling be 1 .0% or more. If the second cold rolling is per- 
30 formed at a reduction rate of more than 20%, tube forming characteristics deteriorate because of increased yield stress 
among mechanical properties. Accordingly, the reduction rate of the second cold rolling after annealing Is set to 20% or 
less. It is preferable that the reduction rate be within the range of 1 .0 to 1 0%. 

A steel sheet in accordance with the present invention is manufactured by following the above-mentioned steps. 
The final thickness of the steel sheet is not limited, and the present invention is more effectively applied to a final thick- 
35 ness of 0.35 mm or less. 

Surface Treatment: 

A metal having a self-brazing property, such as copper, is plated onto, the above-mentioned steel sheet which is 
40 brazed by heat treatment after the tube production. Although no additional surface treatment is basically required, 
chemical or electrochemical treatment may be added to enhance the metal plating effect. 

Example 1 

45 A series of steels containing the components shown in Table 1 and the balance being Fe were melted in a con- 
verter, and each of the resulting steel slabs was hot rolled under the condition shown in Table 2 (rapid cooling at a rate 
of 50 •C/sec. within 0.5 seconds after finishing the hot-rolling. In the hot-rolling, a slab having a thickness of 260 mm 
was rough-rolled with seven passes to form a sheet bar having a thickness of 30 mm, and a hot-rolled mother sheet coil 
was made from the sheet bar with a 7-stand tandem rolling mill. The mother sheet coil was pickled, cold-rolled with a 

so tandem rolling mill, annealed and subjected to second cold-rolling. 

Copper with a thickness of 30 urn was electroplated onto the steel sheet, and a 3.45 mm0 double-rolled tube was 
formed with the plated sheet by a conventional process, subjected to 5% drawing, and heat-treated at 1,120 •C for 20 
seconds to braze the copper plating layer. 

The resulting steel sheet and the self-brazed double-rolled tube were used for the following tests: 

55 

1) The grain size of the ferrite crystals at the transyerse cross-section; 

2) Tensile strength by a static tensile test; 

3) The reduction of area by a low-temperature tensile test (at -40 •C) for evaluating toughness, which is equivalent 
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to impact tensile strength at a high speed; and 
4) Bend test (1 SO"" bending). 

In all these tests, general methods for determining mechanical properties were used except that the double-rolled 
5 tube was used without further working. 

The results are shown in Table 3. In each of the examples in accordance with the present invention in which the 
dissolved Nb and Ti contents lie within adequate ranges, the crystal grains are not coarsened after high temperature 
heating, sufficient strength and ductility, excellent low-temperature toughness (drawing due to the tensile test), excellent 
bend workability, and excellent shape f ixability are achieved. 
10 Each of the steels 12, 13 and 14 is hard, a satisfactory shape is not achieved in the final cold-rolled steel sheet, 
with inferior bending characteristics. 

Example 2 

15 A series of slabs having a composition shown In No. 1 of Table 1 was hot-rolled, picWed, cold-rolled, and subjected 
to continuous annealing and second cold-rolling under the conditions shown in Table 4 (the cooling condition was the 
same as In Example 1) to form ultra-thin cold-rolled steel sheets. A conventional box-annealed low-carbon aluminum- 
killed steel was used for comparison. 

Copper was plated onto the surface of each of these steel sheets as in Example 1 to form a double-rolled tube. 

20 Abrasion of the tools (life of the tools) used in the^ubing was-also e 

In the evaluation of the life of the tools, the relative ratio, In which the Me of the sample for comparison (box-annealed 
low-cartx)n aluminum-killed steel) was set to 1 . was used. 

The experimental results are also shown in Table 4. Table 4 demonstrates that each of the soft steel sheets In 
accordance with the present invention has a life of the tools which is approximately 1 -5 times that in the sample for com- 

25 parlson. In the samples containing dissolved Nb and TI within the range of the present Invention, coarsening of the 
microstructure is effectively suppressed after tubing. 

INDUSTRIAL A PPLICABILITY 

30 As described above, since the steel sheet in accordance with the present invention is soft, it has low deformation 
resistance, and reduces abrasion of the tools and thus prolongs their life. In the present invention, in addition to excel- 
lent fbrmability, a double-rolled tube having excellent strength and toughness is produced due to reduced coarsening of 
the ferrite grains. 

Further, a continuous annealing process is applied in the present invention, hence a high production efficiency and 
35 uniformity of mechanical properties can be achieved. 

Accordingly, a high-quality double-rolled tube with high airtightness can be effectively and economically produced 
in the present invention. 
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Claims 

1 . A steel sheet for double-rolled tubes having excellent formability. and excellent strength and toughness after form- 
ing and heat treatment of a tube comprising: 

5 

C: 0.0005 - 0.020 wt%; and further comprising one or two of 
Nb: 0.003 - 0.040 wt%. and 
Ti: 0.005 - 0.060 wt%; 

10 at least one of Nb and Ti being present in a solid solution state in an amount of 0.005 wt% or more, the crystal grain 
size in the ferrite structure being in the range of 5 to 10 jxm. 

2. A steel sheet for double-rolled tubes having excellent formability, and excellent strength and toughness after form- 
ing and heat treatment of a tube comprising: 

75 

C: 0.0005 - 0.020 wt%. 
S: 0.02 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 

20 Nb: 0.003 - 0.040 wt%. and 

Ti: 0.005 - 0.060 wt%; 

each of the excessive Nb and Ti contents, calculated based on the assumption that TiN. TiS, TiC and NbC are 
formed as much as possible in that order, being less than 0.005 wt%. at least one of Nb and Ti being present in 
25 solid solution state in an amount of 0.005 wt% or more, the crystal grain size in the ferrite structure being in the 
range of 5 to 10 jyim. 

3. A steel sheet for double-rolled tubes, described in either claim 1 or 2, comprising: 

30 C: 0.0005 - 0.020 wt%, 

81:0.10 wt% or less, 

Mn:0.1 -1.5wt%, 

P: 0.02 wt% or less. 

S: 0.02 wt% or less, 
35 Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 

Nb: 0.003 - 0.040 wt%, and 
Ti: 0.005 - 0.060 wt%; and 
40 the balance being Fe and incidental impurities. 

4. A steel sheet for double-rolled tubes, described in either claim 1 or 2, comprising: 

C: 0.0005 - 0.020 wt%, 
45 Si : 0. 1 0 wt% or less. 

Mn:0.1 -1.5wt%, 

P: 0.02 wt% or less, 

S: 0.02 wt% or less, 

Al: 0.100 wt% or less, and 
so N: 0.0050 wt% or less; and further comprising one or two of 

Nb: 0.003 - 0.040 wt%, and 

Ti: 0.005 - 0.060 wt%; and 

at least one selected from the group consisting of 

55 

B: 0.0005 - 0.0020 wt%, 
Cu: 0.5 wt% or less, 
Ni: 0.5 wt% or less. 



15 



BNSOOCia <EP 0885S7eA1 I > 



EP0 885 978A1 



Cr: 0.5 wt% or less, and 

Mo: 0.5 wt% or less; and 

the balance being Fe and incidental impurities. 

5 5. A method for making a steel sheet for double-rolled tubes having excellent formability, and excellent strength and 
toughness after forming and heat treating of a tube comprising: 

hot finish-rolling of a steel nnaterlal containing 

10 C: 0.0005 - 0.020 wt%. and further containing one or two of 

Nb: 0.003 - 0.040 wt%. and 

Ti: 0.005 - 0.060 wt% at a final temperature of 1 ,000 - 850 *C; coiling at 750 *C or less; cold rolling; 
continuous annealing at 650 *C - 850 **C for 20 seconds or less; and second cold-rolling at a rolling 
15 reduction rate of 20% or less. 

6. A method for making a steel sheet for double-rolled tubes, having excellent formability, and excellent strength and 
toughness after forming and heat treatment of a tube, comprising: 

20 hot finish-rolling of a steel material at a final temperature o^^^^^^ 

C: 0.0005 - 0,020 wt%, 
S: 0.02 wt% or less, and 

N: 0.0050 wt% or less, and further comprising one or two of 

25 

Nb: 0.003 - 0.040 wt%. and 
Ti: 0.005 - 0.060 wt%. 

each of the excessive Nb and Ti contents, calculated k>ased on the assumption that TiN, TiS, TiC and NbC are 
30 formed as much as possible in that order, being less than 0.005 wt%; coiling at 750 **C or less; cold-rolling; contin- 
uous annealing at 650 *C - 850 for 20 seconds or less; and second cold-rolling at a rolling reduction rate of 20% 
or less. 

7. A method for making a steel sheet for double-rolled tubes, described in either claim 5 or 6, the steel sheet compris- 
35 ing: 

C: 0.0005- 0.020 wt%. 
Si: 0.10 wt% or less. 
Mn: 0.1 - 1.5 wt%, 
40 P: 0.02 wt% or less, 

S: 0.02 wt% or less, 
Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 

45 Nb: 0.003 - 0.040 wt%, and 

Ti: 0.005 - 0.060 wt%; and 
the balance being Fe and incidental impurities. 

8. A method for making a steel sheet for double-rolled tubes, described in either claim 5 or 6. the steel sheet compris- 
50 ing: 

C: 0.0005 - 0.020 wt%. 
Si: 0.10 wt% or less. 
Mn: 0.1 - 1.5 wt%. 
55 P: 0,02 wt% or less. 

S: 0.02 wt%or less. 

Al: 0.100 wt% or less, and 

N: 0.0050 wt% or less; and further comprising one or two of 
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Nb: 0.003 - 0.040 wt%, and 

Ti: 0.005 - 0.060 wt%: and 

at least one selected from the group consisting of 

5 B: 0.0005 - 0.0020 wt%, 

Cu: 0.5 wt%or less, 

Nl: 0.5 wt% or less. 

Cr: 0.5 wt% or less, and 

Mo: 0.5 wt% or less; and 
10 the balance being Fe and incidental impurities. 
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